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(57) ABSTRACT

An uplink timing control device and method which make no
excessive resource request for timing update when performs-
ing an uplink timing control even to a mobile station which
performs no uplink signal transmission are provided. A sys-
tem 1s characterized by comprising a mobile station ranking,
section for performing the prioritization of each mobile sta-
tion from high necessity for the timing update 1n consider-
ation of the occurrence of an extra-CP timing shiit and the
DRX remaining activation time ol a mobile station which
DRX-operates besides the mobile station recerved signal
information at the time of the TA transmission in the past and
the elapsed time form the TA transmission in the past. The
system performs the timing update by allowing a mobile
station with high prionty determined by the mobile station

ranking section to transmit an uplink timing detection signal
and to notily the TA.
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RADIO COMMUNICATION SYSTEM, BASEL
STATION, MOBILE STATION, TIMING
CONTROL DETERMINING METHOD, AND
PROGRAM

This application 1s the National Phase of PCT/JP2008/
067376, filed on Sep. 26, 2008, which 1s based upon and
claims the benefit of prionity from Japanese patent application
No. 2007-254360, filed on Sep. 28, 2007, the disclosure of
which 1s incorporated herein 1n 1ts entirety by reference.

APPLICABLE FIELD IN THE INDUSTRY

The present invention relates to a radio communication
system 1ncluding a base station for transmitting/receiving
data to/from a plurality of mobile stations, and more particu-
larly to a technology of determining a control of a timing of
transmission to the base station from each mobile station.

BACKGROUND ART

An uplink radio system 1n a next-generation mobile com-
munication 1s mvestigating an introduction of a SC-FDMA
(Single-Carrier Frequency Division Multiple Access) tech-
nique having a characteristic of a low PAPR (Peak to Average
Power Ratio) for a purpose of enlarging a coverage. This
SC-FDMA technique 1s a technique of performing a single
carrier transmission by utilizing each divided frequency band
responding to a transmission rate necessary for a plurality of
the mobile stations.

In this SC-FDMA technique, a CP (Cyclic Prefix) 1s added
to a head of each data block so as to suppress occurrence of
interference between the data blocks as shown 1n FIG. 6. In
general, a last part of each data block 1s copied. A transmis-
sion side adds the CP, and a reception side removes this,
thereby enabling the intertference between the data blocks due
to multi-path mterference to be prevented from occurring.

The technique of, inthe case of performing a demodulating,
process employing FFT (Fast Fourier Transform) with SC-
FDMA technique, controlling a transmission timing of the
mobile station so that a timing at which the base station
receives the signal transmitted from each mobile station 1s
accommodated within the CP, and performing an FFT opera-
tion for the transmitted signals collectively 1n the base station
according to a reference timing has been proposed (Patent
technique 1).

One example of a configuration thereot 1s shown 1n FIG. 7.
This recerving apparatus of SC-FDMA signals 1s character-
1zed 1n that one common FFT unit performs the FFT operation
for the signals transmitted from all mobile stations collec-
tively.

A CP removal unit 101 has a SC-FDMA recerved signal
and a FFT timing as an mnput, and removes a portion of the
received signal corresponding to GI (Guard Interval) before
receipt of the FFT timing, namely, the recetved signal of CP
(Cyclic Prefix).

An S/P converter 102 converts the receitved signal from
which the CP has been removed from a serial signal to a
parallel signal.

An FFT unit 103 performs the FFT operation for the SC-
FDMA signals of all mobile stations converted to the parallel
signals collectively, thereby to perform a conversion from a
time domain signal to a frequency domain signal.

A de-mapping unit 104 selects one part of sub-carriers
required for receiving process mobile station by mobile sta-
tion from the output signal of the FFT unit 103, converts a
frequency of the carrier of each mobile station to a zero
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frequency, and makes an adjustment to a sampling frequency
according to a transmission rate.

A recerver 105-k (1 =k=K.: K 1s an integer equal to or more
than two) 1s configured of a reception filter 106 and a demodu-
lator 107.

The reception {filter 106 band-limits each mobile station
signal within a frequency domain, thereby to separate the
mobile station signal, and to suppress noise.

A demodulator 107 1s composed of an mverse diffused
signal generator 108, a transmission path estimator 109, a
noise suppressor 110, a weight calculation unit 111, an equal-
1zation filter 112, an IFFT unit 113, a P/S convertor 114, an
IFFT unit 115, a P/S converter 116, a delay profile generator
117, and a timing detector 118.

The mverse diffused signal generator 108 has a pilot signal
as an mput, and generates a diffused signal being employed
for estimating a transmission path in the frequency domain.

The transmission path estimator 109 has the received sig-
nal band-limited by the reception filter 106 and the inverse
diffused signal generated by the inverse diffused signal gen-
crator 108 as an imput, and calculates a transmission path
estimated value 1n the frequency domain.

The noise suppressor 110 suppresses noise of the transmis-
s10n path estimated value estimated by the transmission path
estimator 109, and improves SNR (Signal Power to Noise
Power Ratio).

The weight calculation unit 111 has the transmission path
estimated value, being an output of the noise suppressor 110,
as an 1nput, and calculates a weight for an equalization filter
with MMSE etc.

The equalization filter 112 has the received signal band-
limited by the reception filter 106 and the equalization weight
calculated by the weight calculation unit 111 as an input, and
equalizes the recerved signal by multiplying the recerved
signal by the equalization weight for each sub-carrier m.

The IFFT unit 113 performs an inverse-fast-Fourier-trans-
form operation for the equalized signal in the frequency
domain, being an output of the equalization filter 112, and
converts 1t to a signal in the time domain.

The P/S converter 114 P/S-converts the equalized signal
converted to the signal 1n the time domain, and outputs it as a
demodulated signal.

On the other hand, the IFFT unit 115, the P/S converter
116, the delay profile generator 117, and the timing detector
118 detect the timings by employing the transmission path
estimated value 1n the frequency domain outputted from the
transmission path estimator 109.

The IFFT unit 115 converts the transmission path esti-
mated value 1n the frequency domain to the estimated value in
the time domain.

The P/S converter 116 P/S-converts the transmission path
estimated value represented 1n the time domain.

The delay profile generator 117 calculates a power of a
transmission path response sequence converted by the P/S
converter 116, and generates a delay profile.

The timing detector 118 detects a forefront path with a
constant level or more from the delay profile generated by the
delay profile generator 117, and detects the timing of the
above detected path.

Collectively performing a fast-Fourier-transform opera-
tion for the SC-FDMA received signals of all mobile stations
necessitates synchronizing the timings at which the base sta-
tion recerves the transmitted signals coming from respective
mobile stations to one another. For this purpose, the timing
signal of each mobile station detected by the demodulator 107
1s fed to each mobile station to control the transmission timing
mobile station by mobile station.
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FIG. 8 shows a block diagram of a general-purpose trans-
mitting apparatus. A TA (Timing Advance) signal, being a
difference between the timing information detected by the
foregoing timing detector 118 and a reference timing being
employed by the base station, 1s transmitted to each mobile
station from the base station.

The TA signal 1s mputted mto a modulator 201 together
with other data signals being transmitted through a downlink,
a control signal, a reference signal, and so on 1s subjected to
the processes of encoding, interleave, and modulation by the
modulator 201, and 1s outputted to a mapping unit 202.

The mapping unit 202 maps the signal outputted from the
modulator 201 on a frequency axis, and output 1t to an IFFT
unit 203.

The IFFT unit 203 performs a conversion from the fre-
quency domain signal to the time domain signal, and outputs
it.

The P/S converter 204 P/S-converts the time domain signal
for which the inverse-fast-Fourier-transform operation has
been performed.

A CP adder 205 adds the CP to the P/S-converted signal,
and outputs i1t. And, a radio transmitter 206 performs the
processes such as a D/A conversion, an up conversion, and a
transmission power amplification for the above signal, trans-
mits the signals for which the above processes have been
executed to the mobile station from a transmitting antenna
207.

FIG. 9 shows a view 1llustrating an operation of a trans-
mission timing control. Timing detectors 118 1n recervers of
mobile stations 1 and 2 detects timings 11 and T2 of leading
paths, compares the above timings T1 and T2 with a reference
timing (1 B=0), and feedbacks “I'B-T1” and “TB-12" each of
which 1s a difference between them as TA (Timing Advance)
1 and TA2 to each mobile station, respectively. Respective
mobile stations take a control of delaying the transmission
timings of T1 and T2 responding to values of the TA being
transmitted hereto, respectively. With this operation, the
interference between the mobile stations can be avoided
because the reception timing of the signal transmitted from
cach mobile station coincides with the reference timing
(ITB=0) and orthogonality between the signals transmitted
from respective mobile stations 1s maintained. Further, occur-
rence of the multi-path interference can avoided because all
multi-paths are accommodated within the CP. FIG. 10 1ndi-
cates a situation of synchronization of the signals recerved
aiter controlling the transmission timing.

And, this uplink timing control 1s taken by employing
Random Access Channel (RACH) etc. before transmitting an
uplink signal. Each mobile station transmits the RACH to the
base station, and the base station returns back initial timing,
information as a response to the RACH to each mobile sta-
tion. Further, channel resources for transmitting the uplink
signals (the data signal, the control signal, and the reference
signal) and for transmitting the downlink signals (the data
signal, the control signal, the reference signal, and the TA
signal) are allocated depending upon a response to the RACH,
and a response to a scheduling request.

In addition, the timing update 1s performed for the mobile
station having performed the above-mentioned 1nitial timing
synchronization operation from a viewpoint of necessity for

securing a synchronization status because a fluctuation in a
timing synchronization status occurs due to a fluctuation in
the transmission path situation also during the data transmis-
S1011.
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Patent document 1: Japanese patent application No. 20035-
280091 (pp. 3-5)

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

In a next-generation mobile communication, a reduction in
latency at the moment that the mobile station makes commu-
nication becomes one of big tasks that should be solved. For
this, 1t 1s desirable that the synchronization status 1s estab-
lished also among the mobile stations that have not transmiut-
ted the uplink signal (the mobile stations to which no uplink
channel resource has been allocated). The following mobile
stations exist as a mobile station that has not transmitted the
uplink signal.

a mobile station that receives the downlink signal, and

transmits no uplink signal.

a mobile station that performs a DRX (Discontinuous

Reception) operation.

However, an uplink channel resource for transmitting the
reference signal for the timing detection, which 1s performed
by the base station, and a downlink channel resource for
transmitting the TA to the mobile station from the base station
cannot be allocated to all mobile stations, and the channel
resources that are usable for the timing update cannot be
secured by the amount equivalent to the number of all mobile
stations because the number of the mobile stations, which
have not transmitted the uplink signal, becomes enormous,
1.¢. several hundreds to several thousands upon supposing a
large-capacity cellular etc. of a next generation.

For this, the effective timing update cannot be performed
while the channel resource amount 1s limited. Further, while
the mterference between the mobile stations occurs in the
signal recetved by the base station when the mobile station
that causes an extra-CP timing shift to occur exists, the timing
update for urgently avoiding an occurrence of the above inter-
ference cannot be performed, which arouses a problem.

An object of the present invention 1s to provide an uplink
timing control method and device of preventing the channel
resources required for the timing update from being
increased, and performing the effective timing update by
prioritizing (ranking) each mobile station, thereby to make a
judgment as to which mobile station 1s subjected to the timing
update while the channel resource, which 1s allocated to the
uplink and the downlink in order to performing the timing
update, 1s limited.

Means to Solve the Problem

The present mvention for solving the above-mentioned
problems, which 1s a radio communication system, 1s charac-
terized 1n including: a calculating means that calculates an
index for determining a priority order for controlling a trans-
mission timing based upon timing information associated
with a timing at which a signal 1s transmitted from each
mobile station to a base station, or communication informa-
tion associated with communication of each mobile station; a
priority order determining means that determines the priority
order based upon the foregoing calculated index; and an
allocating means that allocates channel resources for commu-
nicating information, which 1s employed at the moment of
moditying a shift of the foregoing transmission timing, to the
mobile stations 1 a descending order of the priority, to begin
with the mobile station of which the foregoing determined
priority order 1s high.
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The present invention for solving the above-mentioned
problems, which 1s a base station, 1s characterized 1n includ-
ing a calculating means that calculates an index for determin-
ing a priority order for controlling a transmission timing
based upon timing information associated with a timing at
which a signal 1s transmitted from each mobile station to its
own station, or communication information associated with
communication of each mobile station; a priority order deter-
mimng means that determines the priority order based upon
the foregoing calculated index; and an allocating means that
allocates channel resources for communicating information,
which 1s employed at the moment of moditying a shift of the
foregoing transmission timing, to the mobile stations 1n a
descending order of the priority, to begin with the mobile
station of which the foregoing determined priority order 1s
high.

The present mvention for solving the above-mentioned
problems, which 1s a mobile station, 1s characterized in modi-
tying a shift of a transmission timing by employing a channel
resource allocated by a base station based upon information
indicative ol a height of necessity for modifying a timing
signal, and information that 1s employed at the moment of
moditying the shift of the transmission timing.

The present ivention for solving the above-mentioned
problems, which 1s a method of determining a timing control,
1s characterized in including: a calculating step of calculating
an 1ndex for determining a priority order for controlling a
transmission timing based upon timing information associ-
ated with a timing at which a signal 1s transmitted from each
mobile station to a base station, or communication informa-
tion associated with communication of each mobile station; a
priority order determining step of determining the priority
order based upon the foregoing calculated index; and an
allocating step of allocating channel resources for communi-
cating information, which 1s employed at the moment of
moditying a shift of the foregoing transmission timing, to the
mobile stations 1n a descending order of the priority, to begin
with the mobile station of which the foregoing determined
priority order 1s high.

The present invention for solving the above-mentioned
problems, which 1s a program of a base station, 1s character-
1zed 1n causing the foregoing base station to execute: a cal-
culating process of calculating an index for determining a
priority order for controlling a transmission timing based
upon timing information associated with a timing at which a
signal 1s transmitted from each mobile station to its own
station, or communication information associated with com-
munication of each mobile station; a priority order determin-
ing process ol determining the priority order based upon the
toregoing calculated index; and an allocating step of allocat-
ing channel resources for communicating information, which
1s employed at the moment of modilying a shift of the fore-
going transmission timing, to the mobile stations 1 a
descending order of the priority, to begin with the mobile
station of which the foregoing determined priority order 1s
high.

The present invention for solving the above-mentioned
problems, which 1s a program of a mobile station, 1s charac-
terized 1n causing the foregoing mobile station to execute a
process of modifying a shift of a transmission timing by
employing a channel resource allocated by a base station
based upon mnformation indicative of a height of necessity for
moditying a timing signal, and information that 1s employed
at the moment of modifying the shift of the transmission
timing.

The present ivention for solving the above-mentioned
problems, which 1s a method of controlling an uplink timing,

10

15

20

25

30

35

40

45

50

55

60

65

6

1s characterized in: prioritizing each mobile station with past
TA transmission information and DRX operation information
that the base station keeps defined as an evaluation condition;
requesting the mobile stations to transmuit the timing detection
signal 1n a descending order of the priority, to begin with the
mobile station with a high priority order; furthermore, priori-
tizing the mobile stations of which the reception timing shift
in a recerved signal 1s out of CP 1n a descending order of
magnitude of the imterference that occurs, determining the
mobile stations to which the TA 1s transmitted by prioritizing
the mobile stations so that the mobile stations causing an
extra-CP reception timing shift to occur take precedence over
the mobile stations causing an intra-CP reception timing shift
to occur; and transmitting the TA.

The present invention for solving the above-mentioned
problems, which 1s a method of controlling an uplink timing,
1s characterized in: prioritizing the mobile stations having
transmitted the timing detection signal with the TA informa-
tion, the transmission path estimation information, the mobile
station communication service information, and the DRX
operation information defined as an evaluation condition
without having the above-mentioned extra-CP mobile sta-
tions take precedence; determining the mobile stations to
which the TA 1s transmitted in a descending order of the
priority, to begin with the mobile station with a high priority
order; and transmitting the TA.

The present mvention for solving the above-mentioned
problems, which 1s a method of controlling an uplink timing,
1s characterized 1n transmitting the TA to the mobile station
having transmitted the timing detection signal when the num-
ber of the mobile stations to which the TA can be transmaitted
through the down-channel resource 1s equal to that of the
mobile stations that can transmit the timing detection signal
through the up-channel resource 1n accordance with another
aspect of the present invention.

An Advantageous Effect of the Invention

Prioritizing each mobile station with the past TA transmis-
s1on information defined as an evaluation condition together
with the DRX information of the mobile station for perform-
ing the DRX operation, requesting the mobile stations to
transmit the timing detection signal 1n a descending order of
the priority, to begin with the mobile station with a high
priority order; furthermore, priornitizing each mobile station
according to information that 1s obtained from the transmaitted
signal of each mobile station recerved by the base station, and
information on each mobile station that the base station pre-
viously keeps, and transmitting the TA to the mobile stations
in a descending order of the priority, to begin with the mobile
having a high priority order, makes it possible to perform the
cificient timing update while the channel resource amount
that 1s usable for the timing update 1s limated.

Further, prionitizing the mobile stations that cause the
extra-CP timing shiit to occur in a descending order of mag-
nitude of the interference that occurs, ranking the mobile
stations by having these mobile stations take precedence over
the mobile stations that cause the intra-CP timing shift to
occur; and transmitting the TA information to the mobile
stations 1n a descending order of the priority, to begin with the
mobile station having a high priority order, makes 1t possible
to urgently avoid the iterference between the mobile stations
that occurs due to the timing shift, thereby allowing a recep-
tion feature to be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a view 1llustrating a configuration of a base station
apparatus relating to the present invention.
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FIG. 2 1s a view 1llustrating a detailed configuration of a
mobile station ranking unit of an embodiment 1.

FI1G. 3 1s a view 1llustrating a DRX operation.

FI1G. 4 1s a view 1llustrating a detailed configuration of the
mobile station ranking unit of an embodiment 2.

FIG. 5 1s a view 1llustrating a detailed configuration of the
mobile station ranking unit of an embodiment 3.

FIG. 6 1s a view 1illustrating a format of a packet signal.

FI1G. 7 1s a view 1llustrating a block diagram of a recerving,
apparatus.

FIG. 8 1s a view 1llustrating a block diagram of a transmuit-
ting apparatus.

FI1G. 9 1s a view for explain an operation of a transmission
timing control.

FIG. 10 1s a view 1llustrating a situation of a synchroniza-
tion of the recerved packet signals.

DESCRIPTION OF NUMERALS

1 receiving antenna

2 radio receiver

3 and 101 CP removal units
4 and 102 S/P converter

5 and 103 FFT unaits
6 and 104 de-mapping units

7-1to 7-kand 105-1 to 105-% receivers tor mobile stations

8 mobile station ranking unit

9 and 201 modulators

10 ad 202 mapping units

11, 113, 115, and 203 IFFT units

12, 114, 116, and 204 P/S converters

13 and 205 CP adders

14 and 206 radio transmitters

15 and 207 transmitting antenna

21 mobile station information value calculating unit

22 memory unit

23 counter unit

24 timing detection signal transmission request mobile
station ranking unit

25 timing detection signal transmission request mobile
station determining unit

26 TA transmission mobile station ranking unit

27 TA transmission mobile station determining unit

31 TA information separator

106 reception filter

107 demodulator

108 inverse diftused signal generator

109 transmission path estimator

110 noise suppressor

111 weight calculating unit

112 equalization filter

117 delay profile generator

118 timing detector

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

Hereinafter, characteristics of the present invention will be
specifically stated by making a reference to the accompanied
drawings for explanation thereof.

Embodiment 1

Next, the embodiment 1 of the present mvention will be
explained by making a reference to the accompanied draw-
ngs.
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This embodiment 1s characterized in performing the timing,
update for the mobile stations including the mobile station
performing the DRX operation, determining the mobile sta-
tion for which the timing update 1s performed by employing
the DRX operation information, and furthermore, performing
the timing update by employing the extra-CP timing shift
occurrence mformation, thereby to have the mobile stations
having the extra-CP shift take precedence over the mobile
stations having the intra-CP shatt.

The radio communication system of the present invention
includes the base station and a plurality of the mobile stations.
FIG. 11s a configuration view of the base station apparatus for
performing the uplink timing control 1n the radio communi-
cation system 1n accordance with one embodiment of the
present invention.

The base station apparatus of this embodiment 1s config-
ured of arecerving antenna 1, a radio recerver 2, a CP removal
unit 3, an S/P converter 4, an FFT unit 5, a de-mapping unit 6,
k (k 1s integer equal to or more than 2) recervers 7-1 to 7-k for
mobile stations, one for each mobile station, a mobile station
ranking unit 8, amodulator 9, a mapping unit 10, an IFFT unit
11, a P/S converter 12, a CP adder 13, a radio transmuitter 14,
a transmitting antenna 15, and an extra-CP timing shift occur-
rence detector 16. And, the base station apparatus 1s charac-
terized 1in including the mobile station ranking unit 8 for
prioritizing each mobile station responding to a height of
necessity for the timing update by employing received signal
information of each mobile station, and information of each
mobile station that the base station keeps.

At first, the radio recerver 2 of the base station performs the
processes such as a reception power amplification, a down
conversion, and an A/D conversion for a radio signal recerved
by the recerving antenna 1, and outputs the signal for which
the above processes have been executed to the CP removal
unit 3.

The CP removal unit 3 has an output signal of the radio
receiver 2 and an FFT reference timing as an mput, and
removes a portion of the recerved signal corresponding to the
CP betore receipt of the FFT timing.

The S/P converting unit 4 converts the received signal from
which the CP has been removed from the serial signal to the
parallel signal.

The FFT unit 5§ collectively performs the fast-Fourier-
transform operation for the received signals of all mobile
stations converted to the parallel signal, thereby to perform a
conversion from the time domain signal to the frequency
domain signal.

The de-mapping unit 6 selects one part of sub-carriers,
which 1s required for the receiving process for each mobile
station, from the output signal of the FF'T unit 3, converts a
frequency of the carrier of each mobile station to a zero
frequency, and makes an adjustment to a sampling frequency
according to a transmission rate.

The receiver 7-£(1=k=K: K 1s an integer equal to or more
than two) outputs by-mobile-station transmission path esti-
mation information of the frequency domain, a modulated
signal obtained by equalizing the recerved signal, and TA
information. The TA information of each mobile station 1s
generated based upon the reference signal of 1ts own station,
and a timing detection signal being transmitted from each
mobile station, and the extra-CP timing shiit 1s detected from
this TA information by the extra-CP timing shift occurrence
detector 16, and 1s outputted as extra-CP timing shift occur-
rence information. The timing detection signal 1s a signal
from which the base station knows the transmission timing of
the mobile station, and based upon this timing detection sig-

nal, the recetver 7 recognizes the transmission timings of the
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mobile stations, being locations of T1 and T2 shown 1n a
direction orthogonal to that of a time axis of each mobile
station, which 1s shown, for example, 1n an upper stage of
FIG. 9, and generates the TA information by making a com-
parison with the reference signal (reference timing 0 of FIG.
9) of 1its own station.

The mobile station ranking unit 8 has communication ser-
vice mformation, DRX operation mformation, and channel
resource mformation as an input i addition to the above-
mentioned transmission path estimation information, TA
information, and extra-CP timing shift occurrence informa-
tion, prioritizes the mobile stations 1n a descending order of
necessity for the timing update, and outputs timing detection
signal transmission request mobile station information
indicative of the mobile station that 1s requested to transmut
the timing detection signal, TA transmission mobile station
information indicative ol the mobile stations to which the TA
1s transmitted, and the TA information of the above mobile
stations. These items of mformation are imputted into the
modulator 9 together with the other data signals that are
transmitted through the downlink, the control signal, and so
on are subjected to the processes of the encoding, the inter-
leave, and the modulation by the modulator 9, and outputted
to the mapping umt 10. Additionally, the communication
service information 1s information associated with the com-
munication service that 1s performed by each mobile station,
and 1s information that 1s notified by a high-rank layer. Fur-
ther, the DRX operation information, which 1s information
associated with a wake-up time and a sleep time of the mobile
station performing the DRX operation, 1s outputted from a
DRX controller (not shown 1n the figure) for determining
lengths of the wake-up time and the sleep time, and a timing
of transition to a wake-up status or a sleep status depending
upon a data transmission frequency of each mobile station. In
addition, the channel resource information, which 1s informa-
tion including the mmformation of the channel resource for
transmitting the transmission timing detection signal coming,
from the mobile station through the up channel, and the
information of the channel resource for transmitting the TA
through the down channel, 1s outputted from a channel
resource allocation scheduler (not shown in the figure) for
determining which channel resource 1s allocated to which
channel.

The mapping unit 10 maps the output signal of the modu-
lator 9 on a frequency axis, and outputs 1t to the IFFT unit 11.

The IFFT unit 11 performs a conversion from the fre-
quency domain signal to the time domain signal, and outputs
it.

The P/S converter 12 P/S-converts the time domain signal
for which the inverse-fast-Fourier-transform operation has
been performed.

The CP adder 13 adds the CP to the P/S-converted signal,
and outputs it.

The radio transmitter 14 performs the processes such as the
D/A conversion, the up conversion, and the transmission
power amplification for the above signal, and transmits the
signal for which the above processes have been executed to
the mobile station from the transmitting antenna 15.

FI1G. 2 1s a view 1llustrating a detailed configuration of the
mobile station ranking unit 8.

The mobile station ranking unit 8 1s configured of a mobile
station iformation value calculating unit 21, a memory unit
22, a counter unmit 23, a timing detection signal transmission
request mobile station ranking unit 24, a timing detection
signal transmission request mobile station determining unit
25, a TA transmission mobile station ranking unit 26, and a
TA transmission mobile station determining unmit 27. And, the
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mobile station ranking unit 8 is characterized in prioritizing,
cach mobile station 1n a descending order of a height of
necessity for the timing update of each mobile station, and
determining the mobile stations for which the timing update
1s performed 1n a descending order of the priority, to begin
with the mobile station with a high priority order.

Into the mobile station information value calculating unit
21 are mputted the extra-CP timing shiit occurrence informa-
tion, the TA information, the transmission path estimation
information, the DRX operation information, and the com-
munication service information, respectively.

The mobile station mnformation value calculating unit 21
numerically expresses the TA imnformation, the transmission
path estimation information, the DRX operation information,
and the communication service information 1n order to cal-
culate mobile station information value 1, which 1s explained
below.

At first, the mobile station information value calculating
unit 21 calculates a shift sample value of each mobile station
from the TA information. Herein, a shift sample number 1s
indicative of a difference between the reference timing and
the transmaission timing of each mobile station (the reception
timing in the base station), and when the value of the shift
sample number 1s negative (when the transmission timing
shifts ahead of the reference timing), a value obtained by
adding the sample number of a CP length to an absolute value
of the above sample number 1s defined as the shift sample
number. This 1s a process for evaluating an influence power of
the shift 1n the negative direction similarly to that of the shift
in the positive direction when the shift behind the reference
timing 1s defined as a positive-direction shiit.

For example, when the CP length 1s ten samples, and the
reception timing shifts ahead of the reference timing by two
samples, a difference between the reference timing and the
above reception timing 1s -2 samples, whereby the shait
sample number 1s 12 samples, being a sum of 2 samples that
1s an absolute value of -2, and 10 samples of the CP length.
This makes 1t possible to apply evaluation criteria similar to
that of the case of causing an extra-CP sample shift to occur
behind the reference timing.

In addition, the mobile station information value calculat-
ing unit 21 calculates an extra-CP shift sample value with the
case of the mobile station causing the extra-CP shift to occur,
which 1s indicated by the extra-CP timing shift occurrence
information. Specifically, the mobile station information
value calculating unit 21 obtains an absolute value of the shift
sample number when the reception timing shifts ahead of the
reference timing, and obtains a value obtained by subtracting
the CP length sample number from the shift sample number
when the reception timing shifts behind the reference timing.

Next, the mobile station information value calculating unit
21 calculates a signal level value (signal power value) of each
received signal by employing the transmission path estima-
tion iformation of each mobile station. Additionally, the
mobile station information value calculating unit 21 may be
configured to obtain not the signal level value but a signal
amplitude value.

The mobile station information value calculating unit 21
calculates a DRX remaining activation time of the mobile
station performing the DRX operation, which ranges from the
current time point during the wake-up time to the sleep time,
from the DRX operation information.

And, depending upon an intensity of real-time perfor-
mance ol a communication service that each mobile station
performs, the mobile station information value calculating,
unit 21 calculates real-time values that correspond to kinds of
the above service on a one-to-one basis from the communi-
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cation service mformation. For example, stronger real-time
performance 1s required even though some errors are permis-
sible with the case of voice communication, and strong real-
time performance 1s not required so much 1n exchange for the

fact that some errors alone 1s not permissible with the case of 5

data communication. Thus, it can be safely said that the
real-time performance of the voice communication is stron-
ger than that of the data communication, and a voice-com-
munication’s request for establishing timing synchronization
1s higher than a data-communication’s request. With this, 1t
becomes possible to aflix a priority degree based upon an
intensity ol the real-time performance by numerically
expressing the value in the case of the voice communication,
and the value 1n the case of the data communication as 2 and
1, respectively. Additionally, while the case of the voice com-
munication and the data communication was listed as one
example herein, needless to say, 1t 1s also possible to classity
the service contents into more numerous kinds and to multi-
value them at a plural of levels.

Herein, the DRX remaining activation time will be
explained in details. FIG. 3 1s a view 1llustrating an operation
of the mobile station that performs the DRX operation. As
shown 1n the figure, the mobile station, which performs the
DRX operation, operates so as to repeat the wake-up time and
the sleep time altematlvely at a time interval determined by
the base station. And, 1n the case of intending to transmit the
TA to the DRX mobile stations during the wake-up time
thereot (t=t1 1n the figure), the TA transmission 1s impossible
at the next DL (Downlink) signal reception timing (t=t2 in the
figure) with regard to DRX UFE1 because the next DL signal
reception timing falls within the sleep-time, and contrary to1t,
the transmission 1s possible also at the next DL signal recep-
tion timing with regard to DRX2, whereby it can be said that
necessity for transmitting the TA to DRX1 1s higher at the
current time point, and a priority degree of the DRX1 needs to
be raised. Additionally, while attention was paid to the DRX
remaining activation time herein, for example, the method
may be adopted of having the mobile stations, of which the
number of times at which the DL signal including the TA 1s
received 1s few, take precedence. Further, the mobile station
that performs the operation of recerving the downlink signal
without performing the DRX operation can be handled simi-
larly to the DRX mobile station by setting the longest wake-
up tume, out of the wake-up times of the DRX mobile station.

The mobile station information value calculating unit 21
obtains the mobile station information value 1 by employing
the above-described shift sample value, signal level value,
DRX remaining activation time, real-time value, and extra-
CP shift sample value as an index for ranking the mobile
stations to which the TA 1s transmuitted.

At first, the mobile station information value calculating
unit 21 calculates the mobile station information value 1 for
the mobile stations causing the imtra-CP shift to occur accord-
ing to the following Numerical equation 1.

Mobile station information value 1=(shift sample
valuexsignal level valuexreal-time value)/DRX
remaining activation time [Numerical equation 1]

What the Numerical equation 1 signifies 1s that each of the
mobile station of which the timing shift 1s large, the mobile
station of which the received signal level 1s large, the mobile
station performing the service of which the real-time perfor-
mance 1s strong, and the mobile station of which the DRX
remaining activation time 1s short 1s a mobile station with high
necessity for the timing update.

Next, the mobile station information value calculating unit
21 calculates the mobile station information value 1 for the
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mobile station causing the extra-CP shift to occur according
to the following Numerical equation 2. The following
Numerical equation 2 1s indicative of an interference signal
level 1n the case that the extra-CP shiit occurs.

Mobile station information value 1=extra-CP shift
sample valuexsignal level value. [Numerical equation 2]

Herein, the reason why the mobile station information
value 1 1s obtained with the interference signal level will be
explained. When the extras-CP timing shift occurs, the inter-
ference occurs 1n the recerved signal of the base station, and
resultantly, the above interference exerts an intluence upon
the received signals of the other mobile stations. Therefore,
under necessity for urgently removing such an influence, the
mobile stations are prioritized with the interference signal
level value that 1s calculated by multiplying the extra-CP shiit
sample value by the signal level value irrespectively of
strength or weakness of the real-time performance of the
signal transmitted by the mobile station, and the DRX
remaining activation time.

The mobile station information value 1, being an output of
the mobile station information value calculating unit 21, 1s
outputted to the TA transmission mobile station ranking unit
26, 1s furthermore outputted to the memory unit 22, and 1s
kept for a constant time.

However, the mobile station information value 1 of the
mobile station causing the extra-CP shift to occur cannot be
handled similarly to that of the mobile station causing the
intra-CP shift to occur because the former 1s obtained with the
interference signal level. For this, performing the following
process for the mobile station information value 1 of the
mobile station causing the extra-CP shift to occur, which 1s
outputted to the memory umt 22, allows the mobile station
information values 1 of all mobile stations to be handled
similarly.

The mobile station information value 1 of the mobile sta-
tion causing the extra-CP shift to occur, which 1s inputted into
the memory unit 22, needs to be tinged with information
saying that necessity for the timing update 1s high due to the
occurrence of the interference on top of calculating 1t by
employing the Numerical equation 1 similarly to that of the

mobile station causing the intra-CP shift to occur. For this, the
mobile station mnformation value 1 of the mobile station caus-
ing the extra-CP shift to occur 1s calculated by setting the
real-time value to a maximum value of the set numerical value
within the expected service, and the DRX remaining activa-
tion time to a minimum value of the set numerical value in the
Numerical equation 1, respectively.

For example, when it 1s assumed that the maximum value
of the real-time value 1s 2 with the case of the voice commu-
nication service, 2 1S set herein. And, when the minimum
value of the DRX remaining activation time 1s 1 us, the set
value 1s defined as 1 us. This allows the mobile station 1nfor-
mation values 1 of all mobile stations to be handled similarly
on top of taking occurrence of the extra-CP shiit into consid-
eration. Additionally, while the mobile station imnformation
values 1 that was outputted to the memory unit 22 was cal-
culated herein by performing the special process as men-
tioned above with regard to the mobile station causing the
extra-CP shift to occur, a configuration may be made of
employing the numerical equation 1 as it stands without per-
forming such a process, thereby to calculate the mobile sta-
tion 1information values 1. In addition, the mobile station
information value calculating unit 21 calculates mobile sta-
tion mformation values 2 with Numerical equation 3 in order
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to output 1t to the timing detection signal transmission request
mobile station ranking unit 24.

Mobile station information value 2=(past mobile sta-

tion information value 1xelapsed time since past
TA transmission)/DRX remaining activatiddfimmaeical equation 3]

Herein, the past mobile station mformation value 1 1s
mobile station information value 1 of each mobile station at
the time of the past TA transmission, which has been stored in
the memory unit 22, and the elapsed time since the past TA
transmission 1s a time calculated by the counter unit 23 for
cach mobile station. Additionally, the past mobile station
information value 1 and the elapsed time since the past TA
transmission do not exist in the mobile station to which the TA
has never been transmitted, and 1n the mobile station that has
never been requested to transmit the reference signal, and
thus, the Numerical equation 3 cannot be employed. How-
ever, the correspondence to the elapsed time since the past TA
transmission 1s enabled by defining the elapsed time since
commencement of activation of the base station as the elapsed
time since the past TA transmission. In addition, there 1s no
information for judging necessity for the timing update for
the mobile station 1n which no past mobile station informa-
tion value 1 exists, and necessity for requesting the above
mobile station to transmit the reference signal 1s preferredly
higher than necessity for requesting the mobile stations hav-
ing already transmitted the reference signal to do so, whereby
the correspondence to the elapsed time since the past TA
transmission 1s enabled by setting the past mobile station
information value 1 of the above mobile stations to the maxi-
mum value of the mobile station information value 1 stored
within the memory unit 22.

The mobile station information value 2 calculated with the
above-mentioned Numerical equation 3 1s transmitted to the
timing detection signal transmission request mobile station
ranking unit 24.

According to the mobile station information value 2, being
an output from the mobile station information value calculat-
ing unit 21, the timing detection signal transmission request
mobile station ranking unit 24 performs a ranking process of
permuting the mobile stations 1n a descending order of mag-
nitude of the above value, and outputs a ranking result thereof
to the timing detection signal transmission request mobile
station determining unit 23.

The timing detection signal transmission request mobile
station determining unit 25, according to the uplink channel
resource information out of the channel resource information,
determines the mobile stations that are requested to transmut
the timing detection signal 1n a descending order of the rank-
ing result, to begin with the mobile station with a high rank,
by the number equivalent to the mobile stations that can
transmit the timing detection signal through the uplink, and
outputs the above information. That 1s, the timing detection
signal transmission request mobile station determining unit
235 allocates the uplink channel resources for transmitting the
timing detection signal to the determined mobile stations. The
mobile station transmits the transmission timing detection
signal, which the base station uses in order to detect the
transmission timing of 1ts own station, to the base station by
employing the allocated channel resource.

On the other hand, the TA transmission mobile station
ranking unit 26, according to the mobile station information
value 1 outputted from the mobile station information value
calculating unit 21, performs the ranking process of permut-
ing the mobile stations 1n a descending order of magnitude of
the above value, and outputs aranking result thereof to the TA
transmission mobile station determining unit 27.
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Herein, when the mobile station causing the extra-CP tim-
ing shift to occur exists, judging from the extra-CP timing
shift occurrence information that 1s inputted into the TA trans-
mission mobile station ranking unit 26, the TA transmission
mobile station ranking umit 26 performs the permuting pro-
cess so that the mobile stations causing the extra-CP timing
shift to occur take precedence over the mobile stations caus-
ing the intra-CP timing shift to occur.

Specifically, the TA transmission mobile station ranking
unit 26 divides the mobile station information values 1 of each
mobile station being outputted from the mobile station infor-
mation value calculating unit 21 into that of a group of the
mobile stations causing the extra-CP timing shift to occur and
that of group of the mobile stations causing the intra-CP
timing shift to occur, and performs the ranking process of
permuting the mobile stations 1n a descending order of mag-
nitude of the mobile station information value 1 within each
group. And, the TA transmission mobile station ranking unit
26 obtains a ranking result of all mobile stations by adding a
ranking result of the mobile station group causing the intra-
CP timing shiit to occur to the end of a ranking result of the
mobile station group causing the extra-CP timing shift to
occur. With this, the timing update of the mobile stations
causing the extra-CP timing shift to occur can preferredly be
performed.

And, the TA transmission mobile station determining unit
277, according to the downlink channel resource information
out ol the channel resource information, determines the
mobile stations to which the TA information 1s transmaitted in
a descending order of the ranking result, to begin with the
mobile station with a high rank, by the number equivalent to
the mobile stations to which the TA can be transmitted
through the downlink, and outputs TA transmission mobile
station information indicative of the above mobile stations
and the TA information. That 1s, the TA transmission mobile
station determining unit 27 allocates the downlink channel
resource through which the TA information 1s transmitted to
the determined mobile stations. Sitmultaneously therewaith,
according to the TA transmission mobile station information,
the counter value of the elapsed time of the mobile station to
which the TA 1s transmitted 1n the counter unit 23 1s reset. The
mobile station adjusts the timing signal of its own station
based upon the TA 1information that1s transmitted by employ-
ing the channel resource allocated herein.

An operation of the mobile station ranking unit 8 will be
explained briefly.

Into the mobile station information value calculating unit
21 are mputted the extra-CP timing shiit occurrence informa-
tion, the TA information, the transmission path estimation
information, the DRX operation information, and the com-
munication service information, respectively.

The mobile station mformation value calculating unit 21
numerically expresses the TA mformation, the transmission
path estimation information, the DRX operation information,
and the communication service information 1n order to cal-
culate the above-described mobile station information value
1. At first, the mobile station information value calculating
umt 21 calculates the shift sample value of each mobile sta-
tion from the TA information.

Next, the mobile station information value calculating unit
21 calculates the signal level value (signal power value) of
cach received signal by employing the transmission path esti-
mation mformation of each mobile station. Additionally, as
described above, not the signal level value, but the signal
amplitude value may be obtained.

Continuously, the mobile station information value calcu-
lating unit 21 calculates the DRX remaining activation time
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ol the mobile station performing the DRX operation, which
ranges from the current time point during the wake-up time to
the sleep time, from the DRX operation information.

And, the mobile station information value calculating unit
21 calculates the real-time value of each mobile station from
the communication service information.

And, the mobile station information value calculating unit
21 obtains the mobile station information value 1 by employ-
ing the above-described shift sample value, signal level value,
DRX remaining activation time, real-time value, and extra-
CP shift sample value as an index for ranking the mobile
stations to which the TA 1s transmitted, and calculates the
mobile station information value 1 of the mobile station caus-
ing the extra-CP timing shiit to occur.

The mobile station information value 1 calculated by the
mobile station information value calculating unit 21 1s out-
putted to the TA transmission mobile station ranking unit 26,
1s furthermore outputted to the memory unit 22, and 1s kept for
a constant time.

The mobile station information value 1 of the mobile sta-
tion causing the extra-CP shift to occur 1s calculated by set-
ting the real-time value to amaximum value of the set numerti-
cal value within the expected service, and the DRX remaining
actrvation time to a minimum value of the set numerical value
in the Numerical equation 1, respectively. Additionally, while
the mobile station information value 1 that was outputted to
the memory unit 22 was calculated herein by performing the
special process as mentioned above with regard to the mobile
station causing the extra-CP shift to occur, the mobile station
information value 1 may be calculated by employing the
Numerical equation 1 as 1t stands without performing such a
process.

The mobile station information value calculating unit 21
calculates the mobile station information value 2 with the
Numerical equation 3 in order to output 1t to the timing
detection signal transmission request mobile station ranking
unit 24, and the mobile station information value 2 1s trans-
mitted to the timing detection signal transmission request
mobile station ranking unit 24.

According to the mobile station information value 2, being
an output from the mobile station mmformation value calculat-
ing unit 21, the timing detection signal transmission request

mobile station ranking unit 24 performs a ranking process of

permuting the mobile stations 1n a descending order of mag-
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to the timing detection signal transmission request mobile
station determining unit 235.

The timing detection signal transmission request mobile
station determining unit 25, according to the uplink channel
resource information out of the channel resource information,
determines the mobile stations that are requested to transmut
the timing detection signal 1n a descending order of the rank-
ing result, to begin with the mobile station with a high rank,
by the number equivalent to the mobile stations that can
transmit the timing detection signal through the uplink, and
outputs the above information. The mobile station transmuits
the transmission timing detection signal, which the base sta-
tion uses 1n order to detect the transmission timing of its own
station, to the base station by employing the allocated channel
resource.

On the other hand, the TA transmission mobile station
ranking unit 26, according to the mobile station information
value 1 outputted from the mobile station information value
calculating unit 21, performs the ranking process of permut-
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the above value, and outputs aranking result thereof to the TA
transmission mobile station deciding unit 27.
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Herein, when the mobile station causing the extra-CP tim-
ing shift to occur exists, judging from the extra-CP timing

shift occurrence information that is inputted into the TA trans-
mission mobile station ranking unit 26, the TA transmission
mobile station ranking umt 26 performs the permuting pro-
cess so that the mobile stations causing the extra-CP timing
shift to occur take precedence over the mobile stations caus-
ing the intra-CP timing shift to occur.

And, the TA transmission mobile station deciding unit 27,
according to the downlink channel resource information out
of the channel resource information, determines the mobile
stations to which the TA information 1s transmitted in a
descending order of the ranking result, to begin with the
mobile station with a high rank, by the number equivalent to
the mobile stations to which the TA can be transmitted
through the downlink, and outputs the TA transmission
mobile station information indicative of the above mobile
stations and the TA information. Continuously, according to
the TA transmission mobile station information being output-
ted, the counter value of the elapsed time of the mobile station
to which the TA 1s transmitted in the counter unit 23 1s reset.
The mobile station adjusts the timing signal of 1ts own station
based upon the TA information being transmitted by employ-
ing the channel resource allocated herein.

In such a manner, 1n this embodiment, performing the
timing update by employing the DRX operation information
makes 1t possible to perform the timing update for the mobile
stations including the mobile station performing the DRX
operation. Further, transmitting the TA to the mobile stations
by having the mobile stations causing the extra-CP shift to
occur take precedence over the mobile stations causing the
intra-CP shift to occur, thereby to prioritizing the mobile
stations makes 1t possible to suppress occurrence of the inter-
ference 1n the base station. In addition, the effective timing
update can be performed when the number of the mobile
stations to which the TA can be transmitted through the down-
link 1s smaller than that of the mobile stations having trans-
mitted the reference signal through the uplink because the TA
can be transmitted to the mobile stations, in a descending
order of necessity for the TA transmission, to begin with the
mobile station with higher necessity.

And, by employing the timing shiit of each mobile station,
the signal level, the real-time performance of the communi-
cation service, the DRX remaining activation time, and the
clapsed time since the past TA transmission, it was made a
rule to request the mobile station with high necessity for the
timing update to transmit the timing detection signal. With
this, the efficient timing control can be taken depending upon
a degree of necessity for the timing update of each mobile
station.

Additionally, while each mobile station was prioritized by
employing the extra-CP timing shift occurrence information,
the TA information, the information associated with the trans-
mission timing of the mobile station such as the past TA
transmission information, the transmission path estimation
information, the communication service information, and the
communication information of the mobile station such as the
DRX operation information in this embodiment, each mobile
station can be also prioritized by employing at least one of
these 1tems of the information.

Embodiment 2

FIG. 4 15 a view 1llustrating a detailed configuration of a
mobile station ranking unit 8 of the embodiment 2, and this
mobile station ranking unit 8 assumes a configuration in
which no extra-CP timing shift occurrence information 1s
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inputted. Additionally, the components other than 1t are simi-
lar to that of the embodiment 1 already explained, so 1dentical

codes are allixed thereto, 1ts explanation 1s omitted, and a
configuration and an operation different from that of embodi-
ment 1 will be explained herein.

This embodiment 1s characterized 1n prioritizing each of
the mobile stations based upon the output of the mobile sta-
tion information value calculating unit 21 without performing,
the process of specially having the mobile stations causing the
extra-CP timing shift to occur take precedence, and determin-
ing the mobile stations, which are requested to transmit the
timing detection signal, and the mobile stations, to which the
TA 1s transmitted.

The mobile station information value calculating unit 21
shown 1n the foregoing embodiment 1 calculates the mobile
station iformation value 1 of each mobile station according
to the Numerical equation 1 without performing the special
process because no extra-CP timing shift occurrence infor-
mation 1s inputted, and the above mobile station information
value 1 1s mputted mto the memory unit 22, and simulta-
neously therewith, 1s iputted into the TA transmission
mobile station ranking unit 26 as well.

An operation of determining the mobile stations to which
the TA 1s transmitted after it, and furthermore, an operation of
determining the mobile stations which are requested to trans-
mit the timing detection signal are similar to that of the case
of the foregoing embodiment 1.

In such a manner, 1n this embodiment, the mobile stations
are prioritized according to the mobile station information
value 1 of each mobile station irrespective of presence or
absence of the mobile station causing the extra-CP timing
shift to occur, and the mobile stations which are requested to
transmit the timing detection signal, and the mobile stations
to which the TA 1s transmitted are determined. In this embodi-
ment, the effective timing control can be performed when the
number of the mobile stations to which the TA can be trans-
mitted through the downlink 1s smaller than that of the mobile
stations having transmitted the reference signal through the
uplink because the TA can be transmitted to the mobile sta-
tions 1n a descending order of necessity for the TA transmis-
s10n, to begin with the mobile station with higher necessity.

Embodiment 3

FIG. 5 1s a view 1illustrating a detailed configuration of a
mobile station ranking unit 8 of the embodiment 3, and this
mobile station ranking unit 8 assumes a configuration in
which the TA transmission mobile station ranking unit 26 and
the TA transmission mobile station deciding unit 27 do not
exist. Additionally, the components other than 1t are similar to
that of the embodiment 1 already explained, so 1dentical
codes are aflixed thereto, 1ts explanation 1s omitted, and a
configuration and an operation different from that of embodi-
ment 1 will be explained herein.

This embodiment 1s characterized in that a TA information
separator 31 performs a process of outputting a TA transmis-
sion mobile station signal and the TA signal from the TA
information being inputted, and a mobile station ranking
process for determining the mobile stations that are requested
to transmit the timing detection signal without performing the
mobile station ranking process for determining the mobile
stations to which the TA 1s transmitted.

It 1s thought that the number of the mobile stations, which
are requested to transmit the reception timing detection sig-
nal, and the number of the mobile stations, to which the TA 1s
transmitted, being attended with 1t, coincide with each other
because, as rule, the mobile station 1s requested to transmit the
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reception timing detection signal on the assumption that the
TA 1s transmitted to the mobile station. For this, the process of
determining the mobile stations to which the TA 1s transmiut-
ted becomes useless, and the TA can be transmitted to the
mobile stations having transmitted the reception timing
detection signal without fail by performing the prioritizing
process for the mobile stations that are requested to transmit
the reception timing detection signal.

In such a manner, 1n this embodiment, transmitting the TA
to the mobile stations having transmitted the reception timing
detection signal makes it possible to realize the simplified
configuration 1 which the process of ranking the mobile
stations to which the TA 1s transmitted becomes useless, and
on the other hand, prioritizing the mobile stations, which are
requested to transmit the reception timing detection signal,
makes 1t possible to transmit the TA to the mobile stations in
a descending order of necessity for the TA transmission, to
begin with the mobile station with higher necessity, and to
perform the effective timing control.

Herein, how the TA 1s transmitted to the TA transmission
mobile station determined by the operations shown in the
embodiments 1 to 3 will be explained below.

There 1s no necessity for performing the timing update for
the mobile station scheduled with the uplink at a minimum
updatable interval at the time of performing the timing update
(herein, the so-called minimum updatable interval depends
upon a transmittable interval of the reference signal for
detecting the timing).

Thereason 1s that it 1s when a distance with the base station
fluctuates due to the travelling mobile station that necessity
for the timing update 1s aroused; however, the timing shift that
occurs for one second 1s 0.324 us, and 1s small to the extent
that almost no influence upon a reception feature exists, for

example, upon thinking of the mobile station that moves at a
high speed of 350 km/h 1n a vertical direction from the base
station, and furthermore, several seconds to ten and several
seconds are enough for the interval of the timing update for
the mobile station that moves at a middle or low speed (60
km/h or less). Further, so as to enable an operation of follow-
up to a drastic fluctuation in the transmission path, which 1s
called a corner eflfect, the update interval of several hundreds
ms or so 1s required. Thus, 1t 1s possible to perform the timing
update for the mobile station not scheduled with the uplink at
an 1nterval of the timing update for the mobile station sched-
uled with the uplink.

Additionally, while the foregoing terminal of the present
invention can be configured with hardware as can be seen
from the above explanation, 1t can be also realized with a
computer program.

A Tunction and an operation simailar to that of the foregoing
embodiments are realized by a processor that operates under
a program stored 1n a program memory. Additionally, 1t 1s also
possible to realize a function of one part of the foregoing
embodiments with the computer program.

Above, while the embodiments relating to the present
invention was explained, the present invention 1s applicable to
the communication technique other than the SC-FDMA tech-
nique.

The invention claimed 1s:

1. A radio communication system, comprising:

a calculator that calculates an index for determining a
priority order for controlling a transmission timing
based upon timing information associated with a timing
at which a signal 1s transmitted from each mobile station
to a base station, or communication information associ-
ated with communication of each mobile station;
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a priority order determining unit that determines the prior-
ity order based upon said calculated index; and

an allocating unit that allocates channel resources for com-
municating information, which 1s employed at the
moment of modifying a shift of said transmission tim-
ing, to the mobile stations in a descending order of the
priority, to begin with the mobile station of which said
determined priority order 1s high,

wherein said calculator calculates the index based upon at
least one of extra-Cyclic-Prefix timing shift occurrence
information imndicative of existence of the mobile station
being 1n a situation of a transmission timing causing
interference to occur 1n a signal transmitted to the base
station, Discontinuous Reception (DRX) operation
information indicative of lengths of a wake-up time and
a sleep time of the mobile station that repeats an activa-
tion status and a sleep status, and of a timing of transition
to each status, Timing Advance (TA) information indica-
tive of a shift of the transmission timing, transmission
path estimation mnformation associated with a transmis-
s1on path of each mobile station, communication service
information ndicative of kinds of communication ser-
vices of each mobile station, and an elapsed time since
modification of the transmission timing shiit performed
in the past, and

wherein said calculator calculates the index that 1s 1n pro-
portion to a timing shift sample value being obtained
from the TA information, a signal level value being
obtained from the transmission path estimation informa-
tion, a real-time value being obtained from the commu-
nication service information, and the elapsed time, and
1s 1n 1verse proportion to a DRX remaining activation
time being obtained from the Discontinuous Reception
operation mformation.

2. A radio communication system according to claim 1,
wherein said allocating unit allocates an uplink channel
resource for transmitting a timing detection signal for detect-
ing the transmission timing of the mobile station.

3. A radio communication system according to claim 1,
wherein said allocating unit allocates a downlink channel
resource for transmitting Timing Advance information, being,
information associated with a shift of the transmission timing
of the mobile station, through a downlink.

4. A radio communication system according to claim 1,
comprising the mobile station that modifies the shift of the
transmission timing based upon the Timing Advance infor-
mation, being information associated with the shift of the
transmission timing of the mobile station, said Timing
Advance information being transmitted by employing said
allocated channel resource.

5. A radio communication system, comprising;:

a calculator that calculates an index for determining a
priority order for controlling a transmission timing
based upon timing information associated with a timing
at which a signal 1s transmitted from each mobile station
to a base station, or communication information associ-
ated with communication of each mobile station;

a priority order determining unit that determines the prior-
ity order based upon said calculated index; and

an allocating unit that allocates channel resources for com-
municating nformation, which 1s employed at the
moment of modifying a shift of said transmission tim-
ing, to the mobile stations in a descending order of the
priority, to begin with the mobile station of which said
determined priority order 1s high,

wherein said allocating unit allocates a downlink channel
resource for transmitting Timing Advance information,
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being information associated with a shift of the trans-
mission timing of the mobile station, through a down-
link, and wherein, when the mobile stations causing an
extra-Cyclic-Prefix timing shift to occur exist, which 1s
made clear from the extra-Cyclic-Prefix timing shift
occurrence information, said
priority order determining unit separately executes permu-
tation of the mobile stations that cause an extra-Cyclic-
Prefix timing shift to occur, and permutation of the
mobile stations that do not cause the extra-Cyclic-Prefix
timing shift to occur, and executes permutation of the
mobile stations that do not cause the extra-Cyclic-Prefix
timing shift to occur after permuting the mobile stations
that cause an extra-Cyclic-Prefix timing shift to occur.
6. A radio communication system according to claim 5,
wherein said allocating unit allocates an uplink channel
resource for transmitting a timing detection signal for detect-
ing the transmission timing of the mobile station.
7. A radio communication system according to claim 5,
comprising the mobile station that modifies the shift of the
transmission timing based upon the Timing Advance infor-
mation, being information associated with the shift of the
transmission timing of the mobile station, said Timing
Advance mformation being transmitted by employing said
allocated channel resource.
8. A timing control determining method, performed by a
base station, comprising:
calculating, by the base station, an index for determining a
priority order for controlling a transmission timing
based upon timing information associated with a timing
at which a signal 1s transmitted from each mobile station
to a base station, or communication information associ-
ated with communication of each mobile station;

determining, by the base station, the priority order based
upon said calculated index; and

allocating, by the base station, channel resources for com-

municating information, which 1s employed at the
moment of modifying a shift of said transmission tim-
ing, to the mobile stations in a descending order of the
priority, to begin with the mobile station of which said
determined priority order 1s high,

wherein said calculating calculates the index based upon at

least one of extra-Cyclic-Prefix timing shift occurrence
information indicative of existence of the mobile station
being 1n a situation of a transmission timing causing
interference to occur 1n a signal transmitted to the base
station, Discontinuous Reception (DRX) operation
information indicative of lengths of a wake-up time and
a sleep time of the mobile station that repeats an activa-
tion status and a sleep status, and of a timing of transition
to each status, Timing Advance (TA) information indica-
tive of a shift of the transmission timing, transmission
path estimation mformation associated with a transmis-
sion path of each mobile station, communication service
information indicative of kinds of communication ser-
vices of each mobile station, and an elapsed time since
modification of the transmission timing shiit performed
in the past,

wherein said calculating calculates the index that i1s 1n

proportion to a timing shift sample value being obtained
from the TA information, a signal level value being
obtained from the transmission path estimation informa-
tion, a real-time value being obtained from the commu-
nication service mformation, and the elapsed time, and
1s 1n 1verse proportion to a DRX remaining activation
time being obtained from the Discontinuous Reception
operation information.
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9. A timing control determining method according to claim
8, wherein said allocating allocates an uplink channel
resource for transmitting a timing detection signal for detect-
ing the transmission timing of the mobile station.
10. A timing control determining method according to
claim 8, wherein said allocating allocates a downlink channel
resource for transmitting Timing Advance information, being,
information associated with a shift of the transmission timing
of the mobile station, through a downlink.
11. A timing control determining method according to
claim 8, comprising modifying the shiit of the transmission
timing based upon the Timing Advance information, being
information associated with the shift of the transmission tim-
ing of the mobile station, said Timing Advance information
being transmitted by employing said allocated channel
resource.
12. A timing control determiming method, performed by a
base station, comprising;:
calculating, by the base station, an index for determining a
priority order for controlling a transmission timing
based upon timing information associated with a timing
at which a signal 1s transmitted from each mobile station
to a base station, or communication information associ-
ated with communication of each mobile station:

determining, by the base station, the priority order based
upon said calculated index; and

allocating, by the base station, channel resources for com-

municating information, which 1s employed at the
moment of modifying a shiit of said transmission tim-
ing, to the mobile stations 1n a descending order of the
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priority, to begin with the mobile station of which said
determined priority order 1s high,

wherein said allocating allocates a downlink channel
resource for transmitting Timing Advance information,
being information associated with a shift of the trans-
mission timing of the mobile station, through a down-

link, and

wherein, when the mobile stations causing an extra-Cyclic-
Prefix timing shift to occur exist, which 1s made clear
from the extra-Cyclic-Prefix timing shift occurrence
information, said determining separately executes per-
mutation of the mobile stations that cause an extra-
Cyclic-Prefix timing shift to occur, and permutation of
the mobile stations that do not cause the extra-Cyclic-
Prefix timing shiit to occur, and executes permutation of
the mobile stations that do not cause the extra-Cyclic-
Prefix timing shift to occur after permuting the mobile
stations that cause an extra-Cyclic-Prefix timing shift to
OCCUI.

13. A timing control determining method according to
claim 12, wherein said allocating allocates an uplink channel
resource for transmitting a timing detection signal for detect-
ing the transmission timing of the mobile station.

14. A timing control determining method according to
claim 12, comprising modifying the shift of the transmission
timing based upon the Timing Advance information, being
information associated with the shiit of the transmission tim-
ing ol the mobile station, said Timing Advance information
being transmitted by employing said allocated channel
resource.
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